s 


AD/A-0J6  2 49 

ASK  v VLAN  SLA  KEEPING  TRIALS  (AS  BUILT 
CON  KK.UK  A MON) 

I.)  . A . Woolav  e i , e * a 1 

Naval  Ship  Research  am:  Development  Center 


P r e p a r e d f o r : 

Naval  Ship  E n g i n e e r 1 n g C e n t e r 


F e b rua  ry  19  7 5 


DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


J 


JMCMSSIElHi. 


SI  CUHtTv  < L ASSIF a Al  .ON  OF  Till  '.  |*/  r.  * th  urn  I r,i«r«.f> 


j REPORT  DOCUMENTATION  PAGE 

Kv: aij  ipv.truc  rio:  ;s 

PF.I  ,;rK  COMP!. I.  1 i.-.'C,  MiKM 

1 » H t MOM  r HbMUi.  M 

1 SPD  122-18 

2.  GOV  T ACC  rsilON  My. 

J r>f  c iPitt,  r's  cat  alus  RUMbi  it 

A via  fr  t ; -/y 

4 TITLE  (mnd  Subtitle) 

ASR  ORTOLAN  SEAKEEPING  TRIALS 
(AS  BUILT  CONFIGURATION) 

» TYPE  or  REPORT  A PERIOD  COVEii:  O 

Final 

« PERFORMING ORC.  REPORT RUUUER 

7.  »UlHON'lJ 

D.  A.  Woolavei  and 
F.  W.  Foley 

4 contrah  r>»  gp*nt  wuM?Er«;a; 

9 l'CB>  ORMIN  G OHO  ANI  l AT  ION  Kl  »Mt  A l<  L ADDRESS 

Naval  Ship  Research  and  Development  Center 
Surface  Ship  Dynamics  Branch 
Bethesda,  Maryland  20084 

to.  program  element.  PROJ lCT,  7 ASH 
AREA  6 WORK  UNIT  MUCKERS 

1-1568-834 

1!  COST  POLLING  OFFICE  NAME  AND  AD  OR  ESS 

Naval  Ship  Engineering  Center 
Hyattsville,  Maryland  20782 

12  REPORT  DATE 

February  1975 

»i  numb f h of  paces 
(pC 

14  MONITORING  AGFnCy  NAME  A ADDRESS  (II  different  trom  Controlling  Office) 

is.  SLCuniTY  Class  (at  ru,  rtport} 

UNCLASSIFIED 

\bm  DFCL  ASStFlCATlON/ DOWNGRADING  | 

SCHF.DULt  I 

is.  PI  b T u.  iuf  JON  STATEMENT  (of  thle  fiapnrt) 

ap r roved  FOP  PUBLIC  RELEASE:  distribution  unlimited 

17.  Di  S ; (*  3 'J  T ■ ON  ST  A T F m L. r t be  ebe  tract  ant  arm  4 In  plosk  20,  H different  from  Report) 

ie.  supp;  f 


I14  K F Y WO^S.'v  ( (.  rnf/nu#  on  r*  *U«  If  necm  etmry  «nrf  Identify  ty  block  number; 


Catamaran,  Seaworthiness,  Between  Hull  Foil,  Impacts,  Stress 


;o 


NATIONAL  TECHNICAL 
INFORMATION  SERVICE 


mas  subject  to  change 


AUSTWACT  (ilr.nt'num  ori  tevrao  aide  ft  nacaeamry  mnd  identify  cy  block  m trnb'  } 


inis  report  presents  and  discusses  the  results  of  seaworthiness  trials 
conducted  aboard  the  VSS  ORTOLAN  LASR-22)  prior  to  the  installation  of  a 
between  hull  forward  foil.  Ship  motions,  hull  strains,  and  cross  structure 
impacts  are  presented  arid  comparisons  are  made  between  the  OPTOLAN,  the  USNS 
HAYES  (T-AGOR-16)  , and  several  monohulled  ships.  Current  seaworthiness 
problems  associated  with  the  ASR  Class  are  defined  and  discussed.  Results 
indicate  that  while  ship  motions  are  not  abnormal  for  a ship  of  this  length, 
the  frequency  and  intensity  of  cross  strnptnrn  impacts  degrade  the 


J 


DD  , 1473  U)iT| ON  OF  1 NOV  65  II*  OflSOll.Tr 

S/N  0102-014*  660  1 | 


/ UNCLASSIFIED 

lECUFtlTY  CL  ASSIFI^'TiU  A of  THIS  PAGE  fPS.n  D»r»  Bnlirtrl) 


^CLASSIFIED 


l tiMl  T>  (*L  A‘.siHf 


r>»  liMSPA-. 


‘ <•*?!«»-»  Dmtm 


seaworthiness  of  the  craft  to  a point  which  is  unsatisfactory.  Seaworthiness 

the  "as^uilt"  HAYES^d  th*  Sp^ear  t0  be  less  severe  than  those  of 

the  as  built  HAYES  and  the  addition  of  the  foil  should  essentially 

minate  these  problems  as  it  did  for  the  HAYES.  This  foil  should^ot  break 

below  S trainee  °peratic,nal  8hiP  condition  in  state  5 seas  or 

below.  Strain  measurements  obtained  indicate  that  although  severe  impacts 

occurred  during  the  trial,  the  main  structural  integrity  of  the  ship  was  not 

”port  discussing  the  post  foil  seaworthineesPof  the 
trlals“  * b*  hob*. shed  at  the  conclusion  of  presently  scheduled  post-foil 


I Cl 


unclassified 


TABLE  OF  CONTENTS 


Page 

ABSTRACT  1 

ADMINISTRATIVE  INFORMATION  . 1 

INTRODUCTION  1 

TRIAL  SITE  AND  TRIAL  PROCEDURE , 2 

DATA  COLLECTION 3 

w'AVE  HEIGHT  . 3 

SHIP  MOTIONS 4 

IMPACT  PRESSURES  . 5 

PRESENTATION  OF  DATA 5 

WAVE  HEIGHT 5 

SHIP  MOTIONS 6 

CROSS  STRUCTURE  IMPACTS  9 

SELECTED  MOTION  COMPARISONS  10 

FULL-SCALE  COMPARISONS  11 

ANALYTICAL  PREDICTION  COMPARISONS  13 

TMPACT  COMPARISON  14 

# 

DISCUSSION  OF  TRIAL  RESULTS  AND  COMPARISONS  . . . . 16 

CONCLUSIONS . 18 

ACKNOWLEDGMENTS 18 


li 


LIST  OF  TABLES 


Table  1 - Tape  Recorder  and  Channel  Designations  for 

Trial  Measurements  . ....  19 

Table  2 - Trial  Measurement  Transducer  Locations  . • • • 20 

Table  3 - Brief  Comparison  of  Three  Wave  Measurement  Methods  .....  22 

Table  4 - Summary  of  Wave  Heights,  True  and  Relative 

Courses,  and  Ship  Speeds  ...  . 23 

Table  5 - Summary  of  Ship  Motions  and  Strains  (Single 

Amplitude  Significant  Values)  . . 24 

Table  6 - Summary  of  Cross  Sr  torture  Impacts  Occurring 

During  Pre-Fix  Trial  25 

Table  7 - Comparison  of  Ship  Pa'tirjlars  for  ORTOLAN, 

HATES , ROISTER,  ‘,*1.1  . SS,  ana  *L  T»ir>.  .•^fORTLX  . j_; 

lobie  8 - Comparison  Be:  *-e the  ORTOLAN  and  the  BOLSTER  for 

Single  Amplitude  significant  P-.ll  and  Pitch 32 

Table  9 - Comparison  Between  tne  ORTOLAN,,  GTLLIS  and  the 
O.W.S,  WEATHER  REPORTER  for  Single  Amplitude 
Significant  Pitch  and  Roil  Angles  in  High 

State  5 Seas  ...  32 

Tab’e  1.0  - Particulars  of  Ships  Used  in  Making  Analytical 

Comparisons . . 33 

luble  11  - AGOR-16  Peak  Pressures  foi  Wave  Impacts  at 

Bottom  of  Forward  Cross  Structure  34 

LIST  OF  FIGURES 

Figure  1 - Correction  Cr.ef  f i ~ i»nr  Applied  Lo  lO.wr-r  Cprctra 

obtained  from  cif  TUCKER  Sea  State  Meter  35 

Figure  2 - Sketch  of  ORTOLAN  Showing  Pressure  Gauge 

Locations  and  Proposed  Mod if ications  36 

Figure  3 - Comparison  Between  the  Wave  Spectra  Obtained 

: 'on  the  Tucke-  Sea  State  Meter  and  rhe  Wave 

Buoy  for  Run  13 
r 


1 1 i 


37 


Page 

Figure  4 - Comparison  Between  the  Wave  Spectra  Obtained 
from  the  Tucker  Sea  State  Meter  and  the  Wave 

Buoy  for  Run  20  38 

Figure  5 - Comparison  Between  the  Wave  Spectra  Obtained 
from  the  Tucker  Sea  State  Meter  and  the  Wave 

Buoy  for  Run  21 39 

Figure  6 - Spectral  Energy  for  Roll  in  Beam  Sea9,  State  3 

Sea,  at  3.9,  S.9  and  12.0  Knots  ....  .....  40 

Figure  7 - Spectral  Energy  for  Roll  in  Beam  Seas,  State  5 

Sea,  at  1.7,  5.0,  and  12.5  Knots 41 

Figure  8 - Wave  Spectra  Corresponding  to  Runs  19,  22,  and  30  42 

F'.ure  9 - Spectral  Energy  for  Pitch  in  Head  Seas,  State  3 

Sea,  at  2.6,  7.2,  and  11.8  Knots 43 

Figure  10  - Spectral  Energy  for  Pitch  in.  Head  Sea9,  for 

State  5 Sea,  at  5.3,  6.3,  11.3  Knots 44 

Figure  11  - Spectral  Energy  for  Bow  Acceleration  in  Head 

Seas,  State  5 Sea,  at  5.3,  6.3,  and  11.5  Knots 45 

Figure  12  - Spectral  Energy  £cr  Bow  Displacement  in  Head 

Seas,  State  5 Sea,  at  5.3,  6.3,  and  11,5  Knots 46 

Figure  13  - Spectral  Energy  for  Stern  Displacement  in  Head 

Seas,  State  5 Sea,  at  5.3,  6.3,  and  11.5  Knots 4; 

Figure  1.4  - Comparison  Between  ASR  and  AG0R-16  (USS  HAYES) 

for  Wave  Height  and  Pitch  Spectra  in  Head  Seas 48 

Figure  15  - Comparison  of  Pitch  Angles  versus  Ship  Speed 

in  State  5 and  6 Head  Seas 49 

Figure  16  - Comparison  of  Relative  Motion  at  Station  2\ 

versus  Ship  Speed  in  State  5 and  6 Head  Sea’s 50 

Figure  17  - Nondlmensional  Relative  Motion  at  Station  2'i 
versus  Wavelength  to  Ship  Length  Ratio  for  a 

Ship  Speed  of  10  Knots  in  Head  Seas 51 

Figure  18  - Pressure  Gage  Locations  on  Bottom  of  Forward 

Cross  Structure;  HAYES  .....  52 


iv 


NOMENCLATURE 


G,  g 


L 


M 


P 


P-i 

PSI 

S 


s 

a 


U) 


SV} 


s 


(~> 


u 


(Vi 

(Vi 


! 3 
/ 3 
/ 3 


> 


”A 

(?  .) 


w;  1 / 3 


tj 

e 

(l 


Gravitational  acceleration 
Ship  length 

Wave  meter  correction  factor 
Port 

Pressure  gauge  i,  i = 5,  6,  7,  8 
Pounds  per  square  inch  (gauge) 

Starboard 

Bow  acceleration  energy  spectra 
Bow  displacement  energy  spectra 
Pitch  energy  spectra 
Roll  energy  spectra 
Wave  energy  spectra 
Ship  speed 

Single  amplitude  relc:i'’e  motion  at  Station  2’ 
Single  amplitude  pitch  angle 
Single  amp]>.ude  roll  angle 
Wavelength 

Single  amplitude  wave  height 

Double  amplitude  significant  wave  height 

Circular  wave  frequency 

Circular  encounter  frequency 

Centerline 


v 


ABSTRACT 


This  report  presents  and  discusses  the  results  of  seaworthiness  trials 
conducted  aboard  the  USS  ORTOLAN  (ASR-22)  prior  to  the  installation  of  a 
between  hull  forward  foil.  Ship  motions,  hull  strains,  and  cross  structure, 
impacts  are  presented  and  comparisons  are  made  between  the  ORTOTAN,  the  USNS 
HAYES  (T-AGOR-16) , and  several  monchulled  ships.  Current  seaworthiness 
problems  associated  with  the  ASR  Class  are  defined  and  discussed.  Results 
indicate  that  while  ship  motions  are  not  abnormal  for  a ship  of  this  length, 
the  frequency  and  intensity  of  cress  structure  impacts  degrade  the  seaworthi- 
ness of  the  craft  tc  a point  which  is  unsatisfactory  Seaworthiness  problems 
associated  with  the  ORTOLAN  appear  tc  be  less  severe  than  those  of  the  "as 
built"  HAYES  and  the  addition  of  the  foil  should  essentially  eliminate  these 
p- .Diems  as  it  did  tor  the  HAYES.  This  roll  should  not  break  the  water 
surface  during  any  operational  ship  condition  in  state  5 seas  or  below.  Strain 
measurements  obtained  Indicate  that  although  severe  impacts  occurred  during 
the  trial,  the  main  structural  integrity  of  the  ship  was  not  endangered.  A 
second  reper*  discussing  the  post  if  1 seaworthiness  of  the  ORTOLAN  will  be 
published  at  the  conclusion  c:  pie-ently  scheduled  port-foil  trials. 

ADMINISTRATIVE  INFORMATION 

This  project  was  funded  by  Nazal  Ship  Engineering  Center  Work  Requests 
No  451.20,  Amendments  5 and  6,  and  No  45530,  and  was  performed  under  Work 
Ur.lt  Number  1-1568-8  34. 


INTRODUCTION 

A considerable  number  of  model  experiments  have  been  conducted  on  the 
ASR  Class  catamaran  a"  the  Naval  Ship  Research  and  Development  Center  (NSRDC) 
in  t fie  past  tew  years  They  nave  been  accomplished  to  determine  the  seaworthi- 
ness r ha:  a:  ter  1 st  les  , bi  idg.lng  structure  gre  r>s  loadings#  bridging  structure 
slamming  pressures,  between  hull  wave  patterns,  and  the  resistance,  powering 
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and  stability  characteristics.  Experiments  have  also  been  conducted  with  the 
ASR  catamaran  as  a "mothership”  for  the  retrieval  of  a deep  submersible  rescue 
vehicle  CDSRV)  through  the  center  well.  In  addition,  an  experimental  investi- 
gation was  carried  out  on  a four  point  open  sea  moor  of  the  ASR  catamaran. 

Currently,  some  negative  experiences  have  been  encountered  with  catamarans 
in  heavy  seas  with  bridging  structure  slamming.  Model  experiments  with  the 
'JSNS  HAYES  (T-AGOR-16)  indicate  that  a foil  near  the  bow,  between  the  two  hulls 
at  the  keel  position,  will  significantly  reduce  the  relative  motion  and  the 
related  3lamming  impact  frequencies  and  pressures.  Trials  conducted  by  NSRDC 
with  the  HAYES  confirmed  that  this  installation  of  a between  hull  foil  greatly 
reduces  bridging  structure  slamming.  A similar  foil  for  installation  aboard 
the  USS  ORTOLAN  (ASR-22)  has  been  designed.  Prior  to  the  installation  of  this 
foil,  a pre-fix  trial,  was  conducted  aboard  the  ORTOLAN  to  ascertain  current 
seaworthiness  characteristics  and  slamming  pressures,  i.e.,  to  provide  a base- 
line set  of  results  against  which  the  performance  of  the  ORTOLAN  with  a foil 
may  be  compared.  A second,  post-foil  modification  trial  will  then  determine 
ohe  effectiveness  of  the  foil.  This  report  presents  and  discusses  the  data 
obtained  during  the  pre-fix  trial  conducted  aboard  the  ORTOLAN  from  15  April 
to  25  April  1974. 


TRIAL  SITE  AND  TRIAL  PROCEDURE 

With  the  exception  of  Run  34,  this  trial  was  conducted  In  an  area  approxi- 
mately 200  miles  east  of  Assateague  Island,  Maryland.  The  ocean  depth  varied 
from  1000  to  2000  fathoms.  Run  34  was  recorded  in  an  area  east  of  Virginia 
Beach,  Virginia  in  water  approximately  170  fathoms  in  depth. 

The  trial  procedure  employed  was  as  follows: 

a.  The  trial  director  would  request  a particular  heading  and  ship  speed, 

b.  the  bridge  would  inform  the  director  when  the  ship  course  and  steady 
speed  had  been  obtained, 

c.  the  trial  director  would  notify  the  electronic  technicians  to 
commence  collecting  data, 

d.  the  trial  director  would  inform  the  bridge  of  the  run  completion 
and  request  the  next  trirl  condition. 


Each  trial  run  would  commer.ee  when  the  ship  had  reached  the  steady  speed 
requested  for  a particular  heading.  The  run  would  continue  for  approximately 
30  minutes  during  which  time  the  ship  maintained  heading  and  speed  with  a 
minimum  of  rudder  activity. 


DATA  COLLECTION 


Measurements  were  recorded  on  two  14  channel  magnetic  tape  recorders. 
Tape  recorders  and  channel  designations  for  trial  measurements  are  given  in 
Table  1.  Transducer  locations  are  presented  In  Table  2.  Data  collection  is 
discussed  in  the  following  three  sections. 

wave  height 

In  order  to  correlate  measured  responses  obtained  during  this  pre-fix 
trial  wl\ h model  and  future  post-foil  trial  measurements,  an  accurate  wave 
height  measurement  Is  required.  Thus,  four  distinct  measurements  of  wave 
height  employing  three  different  me  hods  were  made.  These  are: 
a Datawell  wave  buoy, 

b Tucker  sea  state  meter  - corrected  and  uncorrected, 
e.  visual  observation  by  ship's  force, 
d.  visual  observation  by  NSRDC  trial  director. 

The  Datawell  wave  buoy  obtains  the  seaway  profile  by  double  integrating  the 
output  of  a stabilized  accelerometer  within  the  buoy  while  the  buoy  is 
afloat  In  the  seaway.  Wave  height  measurements  using  the  wave  buoy  were 
made  before  and  after  each  series  of  headings  at  a constant  ship  speed. 

These  measurements  were  made  at  zero  nominal  speed  and  are  referred  to  as 
wave  runs.  The  Tucker  sea  state  meter  measures  the  height  of  the  water 
surface  on  the  ship's  hull  and  adds  this  tc  the  displacement  of  the  hull 
relative  to  an  Imaginary  reference  surface  defined  by  the  calm  waterline. 

The  resultant  height  fluctuation  of  the  water  surface  is  therefore  indepen- 
dent of  the  morions  of  the  ship  and  represents  wave  height.  Visual  observa- 
tions were  madp  independently  by  ship's  fore,  and  by  the  NSRDC  trial 
director:  that  is,  the  observations  were  made  independent  of  one  another 
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as  well  as  independent  of  the  electronic  wave  measurements.  A detailed 
investigation  of  the  merits  of  each  of  the  above  methods  is  beyond  the  scope 
of  this  report;  However,  the  comments  contained  in  Table  3 are  thought  to  be 
valid . 

As  noted  in  Table  3,  a calibration  correction  factor,  M,  based  on  wave 
encounter  frequency  must  be  a'  plied  to  the  Tucker  sea  state  meter  measurement. 
This  correction  factor  is  necessary  to  account  for  the  signal  attenuation  due 
to  the  depth  of  the  pressure  heads  below  the  surface  and  fcr  the  attenuation 
due  to  the  integrators  and  RC  couplings  within  the  device. L Figure  1 presents 
this  correction  curve  as  applicable  to  the  installation  used  during  this 
trial.  Reference  1 states  that  the  response  of  the  sea  state  meter  is  jest 
fcr  low  frequency  wave  encounters  (correct ion  factor  - 1,0)  becoming  more 
uncertain  for  higher  frequency  encounters  ^correct  Lon  factor  >>  1.0).  Hence 
Tucker  wave  height  measurements  are  likely  to  be  most  accurate  when  ship 
sp' ed  is  zero  or  the  ship  is  proceeding  in  quartering  or  following  seas. 

SHIP  MOTIONS 

Ship  motion  measurements  were  recorded  for  roll , pitch,  vertical  accel- 
eration at  three  locations,  surge,  sway,  yaw,  relative  bow  motion,  and  stern 
displacement.  Surge  and  sway  accelerations  are  not  true  surge  and  sway 
accelerations,  but  longitudinai  and  transverse  accelerations,  respectively, 
at  their  locations  (see  Table  2).  Tme  surge  and  sway  accelerations  are 
defined  as  the  transverse  and  longitudinal  accelerations  ~t  the  ship  center 
of  gravity.  Roll,  pitch,  and  accelerations  along  the  three  ship  axes  were 
recorded  at  Frame  87’?  using  a modifirl  Mark  IV  MOD  0 fire  control  stable 
platform.  This  device  measured  the  true  roll  and  pitch  as  well  as  true 
longitudinal,  transverse  and  vertical  accelerations  at  the  transducer 
location.  Yaw  was  recorded  directly  from  the  ship's  gyro  rereater.  Bridge 
crane  vertical  acceleration  and  bow  acceleration  were  unstabilized;  that  is, 
the  transducer  did  not  remain  truly  vertical  but  remained  perpendicular  to 


"Manual  for  Calibrating,  Installing  and  Operating  the  Ship-Borne  Wave 
Recorder,"  National  Institute  of  Oceanography  (July  1915). 
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the  Longitudinal  and  transverse  centerlines  of  the  ship.  The  error  thus 
induced  by  roll  and  pitch  angles  is  small  and  will  be  neglected  in  this 
report 


IMPACT  PRESSURES 

Since  impact  frequencies  of  100-200  Hz  were  expected,  a recording  system 
was  chosen  which  would  accurately  record  these  frequencies.  Actual  impact 
frequencies,  basea  on  signal  rise  time,  centered  around  160  Hz  Shown  In 
Figure  2 are  the  pressure  gauge  locations  and  proposed  structural  modifica- 
t ions . 

No  impart  transducers  were  lc  <.-ced  on  the  forward  faired  edge  of  the 
cross  stricture  since  this  ace  a win  oe  modified  as  shown  acting  the  instal- 
ls Ico  f the  foil  it  is  prebabic  , iv.wev.-  ■ , that  this  area  received  more 
severe  impacts  than  din  any  other  section  of  the  cross  structure. 

PRESENTATION  OF  DATA 
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The  observed  seaway  is  given  as  the  vecto’-  addition  of  sea  swell  and 
sea  waves;  the  swell  being  the  regular  or  sinusoidal  component,  and  the  sea 
waves  being  the  wind  driven  compone  t . Wave  heights  as  observed  by  the  trial 
director  and  by  ship's  force  agree  well  with  the  measured  values  in  most 
cases,  ship's  force  tending  to  agree  with  the  wave  buoy  and  the  director  with 
the  Tucker.  Agreement  between  the  observers,  however,  as  to  swell  helgvt  and 
sea  height  is  not  as  good.  In  this  case,  the  observed  wave  height  could 
suffice  to  give  a reasonable  approximation  of  the  sea,  even  though  its 
composition  may  be  disputed. 

Figures  3,  4,  and  5 present  representative  wave  spectra  recorded  by 
the  Tucker  sea  state  meter,  corrected  and  uncorrected,  and  by  the  Datawell 
wave  buoy  for  Runs  13,  20,  and  21,  respectively.  As  noted  in  Table  3,  a 
correction  factor  based  on  wave  encounter  frequency  must  be  applied  to  the 
Tucker  sea  state  meter  measurement.  Correlation  between  the  corrected  Tucker 
measurement  and  the  Datawell  wave  buoy  is  good  for  Run  21  where  the  necessary 
correction  is  small.  Run  13  also  yields  reasonable  coi relation  between  the 
corrected  Tucker  and  the  wave  buoy  even  though  the  correction  factor  is 
relatively  large.  Run  20,  however,  shows  much  reduced  energy  in  the  0.3  to 
1.0  radian/ second  range  for  the  Tucker  wnen  compared  to  the  wave  buoy.  This 
decrease  in  energy  shown  by  the  Tucker  is  also  evident  over  the  same  frequency 
range  in  the  spectra  for  Run  13,  but  is  not  visible  in  Run  21.  In  general, 
the  correlation  between  the  Tucker  and  the  wave  buoy  is  good  for  wave  heights 
above  6 feet.  One  exception  is  Run  20.  This  tray  be  explained  by  noting  that 
this  run  was  made  in  darkness  and  seaway  directionality  could  not  be  accu- 
rately determined.  This  may  also  explain  the  {discrepancies  found  in  Runs  1, 

7,  and  13  since  the  ship's  head  was  directed  toward  the  sea  and  not  the  swell. 

SHIP  MOTIONS 

Ship  motions,  fore  and  aft  longitudinal  strain,  and  transverse  midship 
strain  are  presented  in  Table  5.  These  values  are  presented  as  single 
ampl^tuae  significant  values.  Values  indicated  for  longitudinal  and  vertical 
strain  for  all  runs  lie  well  within  the  design  limits  of  the  vessel.  A 


6 


separate  report  presenting  the  analysis  of  these  strains  will  be  published 
in  the  future.  Snip  motions,  a.,  will  be  wore  thoroughly  discussed,  are  not 
abnormal  for  a craft  of  this  size.  While  roll  and  pitch  motion  in  excess 
of  3 degrees  single  amplitude  are  detrimental  to  ship's  work  aboard  any 
craft,  cnanges  in  course  and  speed  may  be  used  to  effect  a reduction  in 
these  motions. 

A low  confidence  level  should  be  applied  to  the  listed  values  of  relative 
bow  motion  due  to  the  spray  present  in  the  measurement  area.  The  sonic  device 
used  is  sensitive  to  heavy  spray  and  may  read  it  as  a false  target. 

Spectral  energy  for  roll  in  beam  seas  is  presented  in  Figure  6 for  a 
state  3 sea  and  in  Figure  7 for  a state  5 sea  Maximum  rolling  energy  occurs 
at  approximately  C 80  tc  0 85  radians  pt : second  fc-r  ail  beam  sea  runs.  This 
frequency  corresponds  to  a roll  period  ol  / 4 tc  7.9  seconds  and  establishes 
't.e  r.at.ral  roll,  ptricd  of  the  ship  to  be  app 'oxlmately  7 (>  to  7.7  seconds. 

In  practical  terms,  this  means  that  the  ship  in  beam  seas  will  have  the. 
g-eatest  response  to  waves  approximately  300  feet  in  length.  The  largest 
double  amplitude  value  of  roll  recorded  during  the  trial  occurred  during 
Ren  24.  The  magnitude  of  this  particular  roll  cycle  was  20.7  degrees  and 
its  period  was  7.7  seconds.  Referring  to  Figure  7,  we  find  that  the  spectral 
peak  for  roll  energy  during  Run  24  lies  at  approximately  0.80  radiar./seconds. 
This  corresponds  to  a period  of  7.85  seconds,  closely  agreeing  with  the 
perlcd  of  the  maximum  double  amplitude  excursion.  From  the  design  viewpoint, 
it  1=  to  be  noted  that  extreme  roll  angles  will  tend  to  occur  with  periods 
ranging  from  7 4 to  7 9 seconds. 

Wave  spectra  corresponding  tc  head  sea  Runs  19,  22,  and  30  are  shown  in 
Figure  8 It  will  be  useful  to  refer  to  this  figure  when  motions  obtained 
during  these  runs  are  discussed  Note  that  these  spectra  are  plotted  versus 
frequency  of  encounter  rather  than  wave  frequency. 

Spectral  energy  for  pitch  in  head  seas  is  presented  In  Figure  9 for  a 
state  3 sea  and  in  Figure  10  for  a state  5 sea.  We  see  that  pitch,  unlike 
roll,  does  not  have  its  maximum  values  occurring  within  a discrete,  rela- 
tively narrow  range  of  frequencies;  for  a given  seaway.  This  is  especially 
evident  in  Figure  9 where  pitch  angles  were  small,  being  less  than  0.5 


7 


degrees  significant  single  amplitude  '-'hen  we  addreua  ourselves  to  signifi- 
cant values  of  pitch  above  +2.0  degrees  (Figure  10)  we  find  the  spectra  have 
a tendency  to  be  more  nearly  single  peaked.  It  is  unfortunate,  from  a sea- 
worthiness standpoint,  that  the  pitch  spectra  for  large  values  of  pitch, 
although  single  peaked,  are  quite  wide.  For  example,  in  Run  22  we  see  that 
a large  amount  of  energy  is  contained  in  the  frequency  range  from  0.7  to  1.1 
radians  per  second.  This  indicates  that  the  ship  will  respond  actively  in 
pitch  to  waves  whose  periods  of  encounter  range  from  6 to  9 seconds.  The 
maximum  double  amplitude  pitch  excursion  obtained  during  the  trial  occurred 
during  Run  22.  The  magnitude  of  this  pitch  cycle  was  12.8  degrees  with  a 
period  of  7.0  seconds.  Referring  to  Figure  10,  we  find  that  a 7.0  second 
period  (0.90  rad/sec)  falls  within  the  range  of  maximum  energy  for  pitch 
during  Run  22.  From  a design  standpoint  then  the  extreme  pitch  motions  will 
tend  to  have  periods  of  from  6 to  9 seconds. 

It  should  be  noted  that  Run  22  is  representative  of  an  extreme  condition; 
that  is,  the  operators  of  the  ORTOLAN  expressed  concern  for  the  vessel  during 
this  run.  This  concern  was  based  upon  the  intensity  of  the  slams  and  the 
possibility  of  damage  to  the  cross  structure. 

Bow  acceleration,  the  parameter  which  determines  bow  velocity  and  dis- 
placement, is  shown  in  Figure  11  and  Runs  19,  22,  and  30,  Maximum  bow  acceler- 
ations tended  to  occur  at  1.05  to  1.2  radian/seconds  corresponding  to  periods 
of  5.2  to  6.0  seconds.  Figure  j.2  presents  the  bow  displacements  corresponding 
to  the  bow  accelerations  shown  in  Figure  11.  Since  displacement  is  related 
to  acceleration  by  frequency  squared,  the  spectral  peak  of  the  displacement 
curve  occurs  at  a lower  frequency  than  he  spectral  peak  of  the  acceleration 
curve.  Hence,  maximum  displacements  generally  occur  at  lower  frequencies 
than  do  maximum  accelerations.  The  wave  spectral  peaks  corresponding  to 
Runs  19,  22,  and  30,  as  shown  in  Figure  8,  are  indicated  by  the  arrows  on 
Figure  12.  We  see  that  maximum  bow  displacement  tends  to  occur  at  the  frequency 
of  maximum  energy  in  the  seaway.  These  frequencies  range  from  0.76  to  1.09 
rad ian/ second s corresponding  to  periods  of  5.8  to  8.3  seconds. 

Stern  displacements  for  Run3  19,  22,  and  30  are  shown  in  Figure  13. 

Two  observations  are  evident  when  we  compare  stern  displacements  to  the 
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rorrespondi  s, 
in  magnitud  t 
cies  are  no:,  n 
measured  at  a 
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ii  displacements.  First,  the;  bow  displacements  are  greater 
ii  the  stern  displacements,  and  secondly,  their  peak  frequen- 
easarily  the  same.  The  fact  that  stern  displacement  was 
t.nt  about  17  feet  to  port  of  the  ship's  centerline  does  not 
:t  the  magnitude  or  phase  of  the  data  presented. 


CROSS  STRUCT  MPACTS 


The  occu.  trtnce  of  slamming  is  dependent  upon  the  magnitude  and  phase  of 
the  ship's  vertical  motions  relative  to  the  wa^es  encountered.  If  the 
amplitude  of  the  relative  motion  of  the.  cross  structure,  where  impacts  are 
most  likely,  is  less  than  the  calm  water  clearance  of  the  cross  structure, 
recognizing  sinkage,  trim  and  bow  wave  effects,  no  impacts  will  occur.  If, 
on  the  other  hand,  relative  motion  amplitude  exceeds  the  calm  water 
clearance,  impacts  will  occur.  The  vertical  motion  of  any  point  on  the  ship 
is  primarily  dependent  on  the  magnitude  and  p’ase  of  its  heave  and  pitch  and 
che  longitudinal  distance  of  the  point  from  t:ie  pitch  axis,  larger  motions 
occurring  furthest  from  the  pitch  axis.  For  this  reason  bow  and  stern 
impacts  generally  occur  first.  The  intensity  of  the  impact  is  dependent 
mainly  on  the  relative  velocity  with  which  the  ship  and  the  sea  meet,  and 
the  shape  of  the  wave.  Higher  relative  velocities  and  more  massive  waves 
yielding  greater  intensity. 

Slamming  pressures  were  measured  at  the  four  locations  shown  in  Figure 
2.  Table  6 presents  the  number  of  occurrences,  average  and  maximum  pressures 
recorded,  and  the  individual  values  of  each  occurrence  for  all  impacts  re- 
corded during  the  trial.  Note  that  no  impacts  were  recorded  in  seas  with 
a significant  height  of  less  than  approximately  7 feet  as  measured  by  the 
wave  buoy.  Impacts  were  observed,  however,  at  the  mouth  of  the  Delaware  Bay 
while  in  transit  to  the  trial  location  in  an  observed  significant  seaway  of 
approximately  5 feet.  This  seaway  consisted  of  regular  swells  with  a peri- 
odicity of  about  6 seconds.  No  measurements  were  obtained  at  this  time. 

Maximum  impact  pressures  for  the  entire  trial  occurred  during  Run  22. 

A pressure  of  105.8  pounds  per  square  inch  (PSI)  was  recorded  on  pressure 
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gauge  number  5 (F-5),  while  a pressure  of  68.7  PS1  was  recorded  on  P-8. 
Although  no  structural  damage  was  evident  at  the  conclusion  of  the  trial, 
pressures  of  this  magnitude  are  highly  undesirable  and  are  capable  of  pro- 
ducing structural  damage  to  plates  and  stiffeners. 

It  should  be  noted  that  all  recorded  and  observed  impacts  occurred  on 
the  cross  structure.  No  impacts  due  to  bow  emergence  and  no  bow  emergence 
were  observed  while  in  cranslt  or  during  the  trial.  Visual  observations  made 
continually  throughout  the  trial  indicated  that  the  foil,  if  installed,  would 
not  have  broken  the  water  surface. 

SELECTED  MOTION  COMPARISONS 

Comparable  full  scale  data  for  seakmdl i ness  comparisons  can  be  closely 
approached  by  conducting  side  by  side  trials  in  the  same  seaway  with  the  ships 
of  interest.  Full-scale  comparisons  made  between  data  collected  at  different 
times  and  under  varying  conditions  may  be  used  only  to  point  out  trends  and  to 
show  major  differences  in  ship  characteristics.  Minor  differences  In  seakeep- 
ing ability  are  generally  masked  by  uncontrollable  variables  ir.  the  trial 
conditions,  the  most  serious  being  variations  in  swell  and  sea  composition. 

This  variation  in  swell  and  sea  composition,  i.e.,  the  frequency  and 
energy  content  of  the  seaway,  makes  full-scale  comparisons  difficult.  An 
attempt  has  been  made  to  point  out  tendencies  of  the  ORTOLAN  and  HAYES  based 
on  available  full-scale  data.  It  should  be  realized  that  while  one  ship  may 
appear  superior  in  a given  seaway,  a change  in  seaway  could  indicate  quite 
opposite  conclusions.  This  report  uses  the  information  currently  available 
and  reaches  conclusions  based  on  that  information.  The  application  of  these 
conclusions  should  take  Into  account  the  basis  of  their  formation. 

Comparisons  based  on  data  obtained  from  model  experiments  and/or  ana- 
lytical predictions  are  more  easily  made  since  the  parameters  are  much  more 
closely  controlled.  In  addition,  they  permit  a range  of  investigation  which 
cannot  be  matched  by  full-scale  trial.,  due  to  cost,  time,  and  weather 
dependence.  The  accuiacy  of  an  analytical  approach,  based  on  model  experiment 
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data,  has  been  shown  to  be  acceptable  at  low  Froude  numbers  for  both  mono- 
2 3 

hulled  and  catamaran  vessels.  The  data  presented  in  this  report  represents 
low  Froude  number  conditions. 

The  following  two  sections  present  selected  motion  comparisons  based  on 
full-scale  data  and  on  analytical  prediction  techniques  developed  at  NSRDC. 

FULL-SCALE  COMPARISONS 

Roll  and  pitch  angles  for  the  ORTOLAN  and  three  monohulled  ships,  see 
Table  7 for  particulars,  are  given  in  Tables  8 and  9.  Table  7 also  presents 
the  ship  particulars  for  the  HAYES.  Wave  heights  listed  in  Table  8 represent 
observed  (double  amplitude)  wave  heights  for  the  two  trials,  both  observa- 
tions being  made  by  the  same  observer.  For  the  five  relative  headings  shown 
in  Table  8,  the  ORTOLAN  displays  lower  motions  than  the  USS  BOLSTER  (^.5-38) 
in  all  but  the  following  sea  condition.  The  speed  and  wave  height  differ- 
ences may  account  for  the  ORTOLAN  motions  being  greater  than  those  of  the 
BOLSTER  in  the  following  sea  condition. 

Table  9 presents  single  amplitude  significant  pitch  and  roll  angles  for 
the  ORTOLAN,  the  USNS  GILLISS  (T-AGOR-4)  and  the  frigate  O.W.S.  WEATHER 
REPORTER.  Note  that  ship  speed  for  the  ORTOLAN  is  lower  than  for  the  GILLISS 
or  the  WEATHER  REPORTER.  For  the  conditions  shown,  the  ORTOLAN's  roll  and 
pitch  are  not  significantly  different  than  those  for  the  monchulled  ships. 
Based  on  these  comparisons,  the  roll  and  pitch  motions  of  the  ORTOLAN  are 
seen  to  be  similar  to  those  of  monohulled  ships  of  the  same  general  length. 

Although  roll  and  pitch  are  comparable,  the  consequences  of  the  induced 
motions  are  quite  different.  When  the  freeboard  is  exceeded  on  a monohulled 
ship,  deck  wetness  and  spray  can  occur.  Exceeding  the  freeboard  on  a 
catamaran  is  usually  equivalent  to  the  beginning  of  cross  structure  impacts. 


Frank,  W.  and  N.  Salvesen,  "The  Frank  Close-Fit  Ship  Motion  Computer 
Program,"  NSRDC  Report  3289  (June  1970). 

Jones,  H.D.,  "Catamaran  Predictions  in  Regular  Waves,"  NSRDC  Report 
3700  (Jan  1972). 
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These  impacts  may  result  in  much  increased  hull  girder  loads,  cross 
structure  damage,  and  a generally  uncomfortable  condition  for  all  aboard. 
Additionally,  spray  generated  by  the  inboard  hull  edges  and  the  forward 
edge  of  the  cross  structure  will  not  clear  itself  of  the  ship,  but  instead 
can  impair  the  vision  of  those  in  the  pilot  house  by  wetting  the  windows. 
During  the  ORTOLAN  trial,  spray  was  evident  on  the  pilot  house  windows 
as  early  as  Run  2 and  tne  forecastle  area  was  secured  during  Run  8 and 
several  subsequent  runs. 

The  increased  beam  of  the  catamaran,  while  providing  the  advantage  of 
more  usable  deck  area,  also  produces  generally  higher  deck  edge  accelera- 
tions than  would  be  found  on  a monohull  of  the  same  length  and/or  displace- 
ment. Run  34,  which  was  recorded  while  the  ORTOLAN  was  in  a fore  and  aft 
starboard  two  point  moor,  is  representative  ol  an  operational  ship  con- 
dition in  which  the  bridge  crane  arms  were  extended  and  the  bridge  crane 
used.  During  all  other  ru:.s,  the  bridge  crane  arm  was  secured.  Ship's 
work  proceeded  normally  during  this  run  indicating  that  the  increase  in 
deck  edge  acceleration  was  not  detrimental  to  ship's  operations. 

Figure  14  presents  a comparison  between  the  ORTOLAN  and  the  HAYES  for 
wave  height  ar.d  pitch  spectra  during  similar  runs  at  5 and  12  knots.  Note 
that  both  ships  are  catamarans  and  have  approximately  the  same  length 
(Table  7).  Both  Figure  14  and  particulars  given  in  Table  10  represent  the 
HAYES  prior  to  the  installation  of  the  between  hull  foil.  Note  also  the 
scale  changes  within  the  figure.  Referring  to  Figure  14,  we  see  that  the 
HAKES  also  tends  to  pitch  with  a frequency  close  to  the  frequency  of  maxi- 
mum wave  energy,  as  was  discussed  for  the  ORTOLAN  At  5 knots  the  magni- 
tude of  pitch  was  comparable  for  'he  two  craft  even  though  the  ORTOLAN  was 
operating  in  a higher  seaway  At  12  knots  the  ORTOLAN  recorded  a signifi- 
cant pitch  angle  less  than  one  half  tnat  recorded  for  the  HAYES,  with  the 
ORTOLAN  operating  in  a somewhat  lower  seaway. 

Based  on  this  data,  we  see  that  roll  and  pitch  motions  for  the  ORTOLAN 
are  comparable  to  roll  ar.d  pitch  motions  for  monohulled  ships  of  the  same 
general  length  and  that  the  ORTOLAN  displays  pitch  characteristics  that 
are  comparable  to,  or  better  than,  those  of  the  HAYES  prior  to  the  instal- 
lation cf  the  foil. 
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ANALYTICAL  PREDICTION  COMPARISONS 


Prior  to  the  installation  of  the  foil  on  the  HAYES,  reports  of  abnormally 
large  ship  motions  prompted  an  analytical  investigation  which  compared  the 
HAYES  to  other  craft  of  the  same  general  length.  Table  10  presents  the 
particulars  for  the  ships  used  in  the  investigation.  The  HAYES  and  the 
ORTOLAN  (D)  represent  the  craft  as  configured  during  the  full-scale  trials. 

The  ORTOLAN  (M)  represents  a modified  design  of  the  ASR  class.  The  major 
differences  between  the  ORTOLAN  (D)  and  ORTOLAN  (M)  are  In  length  and  dis- 
placement. The  differences  between  the  three  catamarans  are  in  the  hull 
particulars  rather  than  in  the  lines.  The  USNS  ROBERT  D.  CONRAD  (AGOR-3) 
and  USNS  MELVILLE  (AGOR-14)  are  monohu.lltd  craft  used  for  oceanographic 
research  with  hull  characteristics  similar  to  the  catamarans  The  lines  of 
these  monohulls  differ  in  that  the  MELVILLE  has  a slightly  bulbous  bow  and 
flatter  bottom  aft.  Ship  "X"  consists  of  a design  using  the  MELVILLE  lines 
and  beam  to  draft  ratio  with  a length  and  displacement  equal  to  the  HAYES. 

Figure  15  presents  predicted  significant  single  amplitude  pitch  in 
state  5 and  6 head  seas  versus  ship  speed  for  the  six  craft  discussed.  We 
see  that  the  HAYES  does  display  relatively  large  pitch  motions  with  the 
modified  ORTOLAN  only  somewhat  better.  The  "as  built",  or  existing  ORT  N, 
is  inferior  to  the  three  monohulls,  except  for  Ship  "X"  above  12  knots. 

Note  that  Ship  "X"  is  worse  than  the  MELVILLE,  indicating  that  a penalty  is 
paid  for  increasing  the  beam,  draft,  and  displacement.  Note  also  that  the 
ORTOLAN  (D)  has  minimum  pitching  at  zero  speed. 

Single  amplitude  significant  relative  motion  at  Station  2'i  (approximately 
Frame  15  on  the  "as  built"  ORTOLAN)  is  shown  in  Figure  16  for  state  5 and  6 
head  seas  versus  ship  speed.  Again  the  HAYES  displays  the  worst  motions  with 
the  ORTOLAN  (M)  only  slightly  better.  The  "as  built"  ORTOLAN  (D)  is  superior 
to  the  HAYES  and  ORTOLAN  (M) , but  inferior  to  the  monohulled  ships  at  all 
but  the  lowest  ship  speeds. 

Figure  17,  presenting  the  relative  motion  transfer  function  in  head 
seas  at  10  knots  for  Station  2'i,  shows  that  relative  motion  for  the  catamarans 
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is  highly  tuned  to  frequency*  and  1*  tc  2!j  times  greater  in  magnitude  than  for 
the  monohulled  ships.  Again  it  Is  indicated  that  the  HAYES  displays  the  worst 
characteristics  while  the  ORTOLAN  (D  and  M)  are  Inferior  to  the  monohulls  but 
superior  to  the  HAYES.  Most  important  Js  the  fact  that  at  resonance  the 
catamarans  will  display  very  large  relative  motions.  Hence,  care  should  be 
used  when  describing  these  motions  for  a given  sea  state  since  the  frequency 
distribution  of  wave  energy  contained  within  the  sea  state  determines  the 
magnitude  of  relative  motion  which  may  be  expected.  This  analytical  investi- 
gation was  conducted  using  Pierson-Moakowitz  sea  spectra  for  fully  risen  seas. 
Comparisons  between  motions  obtained  here  and  motions  obtained  for  seaways 
of  different  content  should  be  made  with  caution 

Summarizing  the  resul'=  :f  f he  foregoing  rmpsr Isons,  we  have  the 
following: 

a The  "as  built"  HAYES  diep.av-  a grra'tr  . .pensity  tc  pitch  and  has 
greater  relative  bow  motion  cr.au  decs  the  "as  b.  ill"  ORTOLAN. 

b.  Both  the  HAYES  and  ORTOLAN  in  the  "^s  be. .t"  condition  are  more 
sensitive  to  the  frequency  .1  = ea way  energy  thar.  are  monohulled  ships  of  the 
same  general  length. 

IMPACT  CCMPARI SON 

In  comparing  cross  =tr.ct-rt  impacts,  it  must  be  noted  that  the  calm 
water  clearances  of  the  'oss  sr ’’u : lures  tot  the  ORTOLAN  and  the  HAYES  are 
not  the  same.  Minimum  clear  an -n  the  CRTOLAN  was  approximately  feet 
(uncorrected  for  smkage,  t : lm  and  o.w  effects)  during  the  trial. 

Pressure  gauges,  as  installed,  wee*  approximately  9 feet  above  the  calm 
water  surface  (see  Figure  2).  The  minimum  clearance  for  the  HAYES  was 
approximately  10  feet  (uncorrected  tor  linkage,  trim  and  bow  wave  effects). 
This  difference  in  clearance  gives  the  HAYES  an  advantage  In  that  the  HAYES 
can  undergo  larger  relative  motions  without  incurring  impacts.  Figure  2 


u>  - 0,917(>  L)  2 + 0.  a41  ( > /Lj 
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shows  that  after  modification  the  ORTOLAN  will  have  a minimum  clearance 
of  about  9 feet  and  the  clearance  from  the  forward  edge  of  the  cross 
structure  to  Frame  19%  will  be  increased  to  approximately  11  feet.  It 
is  expected  that  this  increase  in  clearance  will  result  in  fewer  and  less 
intense  impacts  on  the  forward  cross  structure. 

The  full-scale  trials  conducted  aboard  the  HAYES  included  a rather 
detailed  investigation  of  impact  pressures  occurring  between  Frame  16  and 
Frame  19  of  the  cross  structure.  Impacts  occurring  at  Frame  25%  were 
recorded  but  have  not  been  analyzed  in  detail.  Figure  18  shows  the  location 
of  the  pressure  gauges  as  installed  aboard  the  HAYES.  Table  11  presents 
impact  data  obtained  during  the  HAYES  pre-foil  trial.  Referring  to  Figure  2, 
we  find  that  pressure  gauge  5 of  the  ASR  corresponds  most  closely  with 
gauges  3.1  and  3.2  of  the  HAVES.  While  pressures  obtained  from  gauges  3.1 
and  3 2 are  nor  presented  due  to  currently  Incomplete  analysis,  the  maximum 
value  obtained  in  head  seas,  9.5  foot  significant  wave  height  at  12  knots, 
was  approximately  130  PSI.  Studies  of  the  HAYES  data  show  that  pressures 
obtained  from  gauge  1.1  - 1.8  are  indicative  of  the  pressures  obtained 
fer  gauges  3.1  and  3.2.  Comparing  the  12  knot  run  found  in  Table  11  for  the 
HAYES  with  Runs  19,  22,  and  30  found  in  Table  6 for  the  ORTOLAN,  we  find 
the  following  information.  The  HAYES  generally  experienced  higher  maximum 
pressures,  more  impacts,  and  higher  average  impacts.  If  the  ORTOLAN  had 
run  12  knots  during  Run  22,  impacts  may  have  been  greater  than  those  of  the 
HAYES  We  note  that  when  the  HAYES  increased  from  12  to  16  knots,  with  a 
small  increase  in  seaway,  the  maximum  impact  pressure  went  from  139  PSI  to 
205  PSI.  The  ORTOLAN  running  11.5  knots  in  a nominal  8 foot  head  sea  (Run 
30)  did  not  experience  impacts  of  concern. 

The  occurrence  of  impacts  on  the  after  cross  structure  is  also  indicated 
by  Table  6.  Trials  aboard  the  HAYES  indicated  that  while  after  cross 
structure  impacts  did  occur,  their  severity  did  not  warrant  a detailed 
Investigation.  In  the  analysis  of  the  HAYES  impact  data,  slams  of  20  PSI 
or  leas  were  not  regarded  as  significant  With  respect  to  the  after  cross 
structure  impacts  recorded  for  ORTOLAN,  84  percent  were  less  than  10  PSI 
while  less  than  4 percent  were  over  20  PSI. 
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Tables  6 and  11  Indicate  that  both  the  ORTOLAN  and  the  HAYES  have  cross 
structure  impact  problems  in  the  "as  built”  condition  which  degrade  the 
usefulness  of  the  craft.  Comparisons  of  pitch  and  leiative  motion  at  Station 
2-i,  as  presented,  indicate  that  the  problem  is  comparable  for  the  two  ships 
even  though  the  ORTOLAN  has  less  cross  structure  clearance. 

DISCUSSION  OF  TRIAL  RESULTS  AND  COMPARISONS 

The  primary  purpose  of  the  trial  was  to  establish  a baseline  set  of  data 
against  which  post-foil  results  could  be  compared.  Tables  5 and  6 have  pre- 
sented sufficient  "as  built"  seaworthiness  characteristics  to  allow  such  a 
comparison  to  be  made  assuming  equivalent  Jn'.a  is  obtained  during  the  post- 
fo’l  trial. 

A secondary  purpose  was  r;  character  :ae  the  c seaworthiness  problems 

encountered  bv  this  class  of  sh.f  It  is  seen  f ha ' cross  structure  slamming 
is  the  major  problem  since  it  lnterteres  with  the  ability  of  the  ship  to 
transit  during  and/or  between  missions,  and  is  capable  cf  producing  struc- 
tural damage  to  the  ship.  Such  stru. rural  damage  has  occurred  on  an  earlier 
deployment  The  major  cause  cf  this  s ’ -.mm  mg  Is  due  to  insufficient  clearance 
and  the  large  expanse  c i relatively  rlat  surtace  which  is  exposed  orthogonally 
tc  the  sea  m the  term  of  the  between  hull  cross  structure.  Figure  10  has 
shown  that  large  values  of  pitch  can  occur  across  a relatively  wide  range  of 
frequencies.  Figure  12  has  sh^wn  that  bew  displacement  tends  to  occur  at 
the  frequency  cf  aaximum  energy  ot  the  seaway,  while  Figure  17  has  shown 
that  relative  motion  near  the  f . rward  edge  or  the  ^ross  structure  is  highly 
tured,  thus  aggravating  the  problem.  This  means  simply  that  cross  structure 
slamming  an,  and  will,  occur  is-,  -n  »t;  u.  Iable  6/  in  almost  any  seaway  whose 
significant  wave  heignt  is  appr  ox  :mar  ■.  1 y • Jett  or  above  tor  head  or  how  ship 
headings  relative  to  the  waves  This  slamming  :s  attributable  to  the  wide 
frequency  response  of  pitch  combined  with  the  heave  oi  the  ship.  Indeed, 
cross  structure  slamming  will  onar  during  much  lower  wave  conditions  if 
the  encounter  frequency  is  near  the  resonant  frequen  / of  relative  motion 


between  cross  structure  and  seaway.  The  experience  at  the  mouth  of  the 
Delaware  Bay  is  indicative  of  this  type  of  slamming. 

It  is  also  found  that  while  the  HAYES  AND  ORTOLAN  exhibit  similar 
ship  motion  responses,  the  HAYES  demonstrates  a greater  propensity  to 
pitch  and  slam.  The  obvious  question  is:  "Has  the  addition  of  a between 
hull  foil  improved  the  seaworthiness  of  the  HAYES  and,  if  so,  will  a 
similar  foil  improve  the  seaworthiness  of  the  ORTOLAN?"  This  question 
may  be  answered  in  two  parts;  first,  reports  from  the  operators  of  the 
HAYES  state  that  before  installation  of  the  foil  a loss  in  operating  time 
up  to  50  percent  was  reported  in  moderate  to  heavy  seas.  Since  the 
installation  of  the  foil  (approximately  7 months  prior  to  the  statement) 
r i loss  in  operating  time  was  experienced  which  could  be  attributed  to 
the  ship's  performance  or  an  inability  tc  meet  the  mission  requirements. 

The  report  goes  on  to  state  that  the  post-fix  of  the  HAYES  has  yielded 
an  oceanographic  ship  having  better  performance  characteristics  than  any 
other  U.S.  oceanographic  vessel.  From  this  report  it  may  be  said  that 
the  operators  of  the  HAYES  feel  the  addition  of  the  foil  did  significantly 

improve  the  seaworthiness  of  the  HAYES. 

4 

Investigations  into  the  design  of  ocean  catamarans  indicate  that  the 
addition  of  the  foil  reduced  the  relative  bow  motion  of  the  HAYES  by  about 
30  percent  resulting  in  a corresponding  reduction  in  frequency  and  magnitude 
of  cross  structure  slamming.  This  investigation  also  points  out  that 
rolling  and  corkscrew  motions  were  also  reduced,  resulting  in  a significant 
improvement  in  the  general  seaworthiness  of  the  HAYES.  The  second  part 
of  the  question  may  be  answered  by  noting  that  the  HAYES  and  ORTOLAN  display 
similar  seaworthiness  characteristics  in  the  "as  built"  condition,  with 
the  ORTOLAN  being  generally  more  seaworthy,  and  that  available  data  indicate 
that  the  ORTOLAN  should  respond  similarly  to  the  HAYES  with  the  addition 
of  a between  hull  foil. 


Hadler,  J.B.  et  al.,  "Ocean  Catamaran  Seakeeping  Design,  Based  on  the 
Experience  of  USNS  HAYES,”  Presented  at  the  Annual  Meeting,  Society  of 
Naval  Architects  and  Marine  Engineers,  November  14-16,  1974. 
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CONCLUSIONS 


1.  Cross  structure  wave  impacts  in  the  "as  built"  condition  occur  with  a 
frequency  and  intensity  that  Is  detrimental  to  the  usefulness  of  the  ASR 
class.  These  impacts  negatively  affect  the  seaworthiness  of  the  craft  to 
a point,  which  is  unsatisfactory,  i.e.,  damage  plating  and  footings,  cause 
crew  discomfort,  and  force  course  and  speed  changes. 

2.  Ship  motions  are  not  abnormal  for  a snip  of  this  length. 

3.  Wave  impacts,  pitch,  and  relative  motion  at  Station  2h  appear  to  be  less 
severe  for  the  ORTOLAN  than  for  the  HAYES. 

4.  The  ORTOLAN  should  respond  to  the  addition  of  a between  hull  foil  in  a 
manner  similar  to  that  of  the  HAYES,  thereby  realizing  a significant  reduc- 
tion in  cross  structure  impacts  and  yielding  acceptable  seaworthiness  charac- 
teristics. 

5.  The  betweer  hull  foil  should  not  break  the  water  surface  during  any 
operational  sh.'  -■  condition  in  state  5 seas  or  below. 

6 Strain  measurements  obtained  indicate  that  the  main  structural  integrity 
of  the  ship  wo.  not  endangered  during  the  trial. 
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TAB1.E  1 - TAPE  RECORDER  AND  CHANNEL  DESIGNATIONS 
FOR  TRIAL  MEASUREMENTS 


Tape  Recorder  A*  Tape  Recorder  B** 


1. 

linker  Sea  State  Meter 

1. 

Vertical  acceleration 

0 

4.  • 

Mode 

2. 

Pressure  gage  P-5 

3. 

Waveriuer  Buoy 

3. 

Tucker  Sea  State  Meter 

4 . 

Bridge  crane  arm  acceleration 

4. 

Pressure  gage  P-6 

5. 

Pitch  angle 

3. 

Pitch  angle 

6. 

Surge  acceleration 

6. 

Pressure  gage  p-  7 

7. 

Roll  angle 

7. 

Roll  angle 

8. 

Ship's  speed  log 

8. 

Pressure  gage  P-8 

9. 

Vertical  acceleration 

9. 

Bow  acceleration 

10. 

Sway  acceleration 

10. 

Mode 

11 . 

Ultrasonic  (Relative  Bow  Motion) 

11. 

Strain  Bulkhead  37 

12  . 

Yaw  angle 

12. 

Strain  Bulkhead  55 

13. 

Bow  acceleration 

13. 

Strain  Bulkhead  96 

14. 

Tucker  Sea  State  Meter 
(Dupl icat ion) 

14. 

Waver ider  Buoy 

* Ampex  CP-190  Environmental  Recorder,  Double  Bandwidth,  1 7/8  .r^s. 
**  Ampex  CF-100  Environmental  Recorder,  Double  Bandwidth,  3 3/4  ips. 


19 


TABLE  2 - TRIAL  MEASUREMENT  TRANSDUCER  LOCATIONS 


Measurement 


Transducer  Locaticn(s) 


Tucker  Sea  State  Meter 


Pressure  Gauge  P-  5 


Pressure  Gauge  p-6 


Pressure  Gauge  P-7 


Pressure  Gauge  p-8 


Longitudinal  Strain  37 


Longitudinal  Strain  96 


Vertical  Bending  Strain  55 


Bridge  Crane  Acceleration 


Bow  Acceleration 


Outboard  port  and  starboard  hulls, 

8V'  forward  of  frame  53,  7'8"  above 
baseline 

Bottom  plating  of  cross  structure, 

16"  port  of  centerline,  7"  aft  of 
frame  23 

Bottom  plating  of  cross  structure, 
lg"  port  of  centerline,  11"  forward 
of  frame  45 

Bottom  plating  of  cross  structure, 

16"  port  of  centerline,  7"  aft  of 
frame  87 

Bottom  plating  of  cross  structure, 

16"  port  of  centerline  9"  aft  of 
frame  108 

Bulkhead  37,  8-V  starboard  of  center- 
line, 6"  below  main  deck  in  void 
2-21-0-V 

Bulkhead  96,  8’}'  starboard  of  center- 
line,  6"  below  main  deck  in  void 
2-84-0-V 

Outboard  port  and  starboard  sheet 
strake  in  passageways  S-2-52-1-L  and 
P-2-52-2-L 

52'  ABL,  frame  68  (frame  84,  extended), 
aft  port  bridge  crane  arm.  43'  port  of 
centerline  (75'  port  of  centerline, 
extended) 

Centerline  at  tip  of  7 ton  bow  boom, 
approximately  frame  2's,  29V  above 
calm  water  surface 
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TABLE  2 - TRIAL  MEASUREMENT  TRANSDUCER  LOCATIONS  (Cont . ) 


Measurement 


Transducer  location(s) 


Ryan  Radar  Unit  (Sonic) 

Yaw  Angle  (Ship’s  Course) 

Pitch  and  Roll  Angles,  Sway 
and  Surge  Accelerations 

Ship's  Speed  Log 

Vertical  Acceleration 

Waverider  Buoy  (Launched) 

Waverider  Buoy  (Secured) 


As  for  bow  acceleration 

Ship's  gyre,  approximately  S-4-33-0* 

Centerline  at  frame  87-, , 14’;"  above 
main  deck 

P-5-27-1-T* 

Centerline  at  frame  871;,  14';"  above 
main  deck 

Buoy  launched  in  seaway  (measures 
sea  state) 

Port  hull  fantail,  5 '9"  forward  of 
stern  deck  edge,  1'8"  port  of  center 
well  deck  edge.  (Measures  relative 
stern  motion) 


* Standard  naval  nomenclature  for  compartment  locations, 
P indicates  port  hull,  S indicates  starboard  hull. 


21 


TABLE  3 - BRIEF  COMPARISON  OF  THREE  WAVE  MEASUREMENT  METHODS 


Measurement  Method 

Advantages 

Disadvantages 

Datawell  Wave  Buoy 

A. 

Performed  well  in  accuracy 
trial  conducted  at  NSRDC 

A. 

Gives  wave  profile 
at  a point  other 
than  ship's  actual 
position . 

B. 

Does  not  require  modifi- 
cations to  vessel 

B. 

Requires  deployment 
into  seaway  and 
attendant  recovery 

C. 

After  deployment  measure- 
ment is  independent  of 
ship's  movement 

C. 

Possibility  of  loss 
if  unattended 

Tucker  Sea  State  Meter 

A. 

Gives  wave  profile  at 
ship's  position  allow- 
ing wave  by  wave  analysis 
vice  statistical  analysis 

A. 

Accuracy  dependent 
on  wave  frequency 
requiring  a correction 
factor  to  be  applied 

B. 

Ready  for  use  anytime  after 
warm-up  period  (self  con- 
tained on  vessel) 

B. 

Requires  thru  hull 
penetration  of  vessel 
belo  ' waterline 

C. 

Works  best  at  zero 
speed  in  head  seas 

Visual  Observations 

A. 

Height  and  relative 
direction  of  seaway 

A. 

Subjective  judgment 
of  observer (s) 

established  immediately 


TABLE  5 - SUMMARY  OF  SHIP  MOTIONS  AND  STRAINS  (SINGLE  AMPLITUDE 

SIGNIFICANT  VALUES) 
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TABLE  6 - CONTINUED 

RUN  22  - HEAD  SEAS,  5.3  KNOTS.  HIGH  SEA  STATE  5 


TABLE  6 - CONTINUED 


RUN  25  - BOW  SEAS,  7.0  KNOTS.  MID-SEA  STATE  5 


P-5 

N = 11 

AVERAGE  = 6.4 
MAXIMUM  =14.3 

5.0  7.1  4.7  2.9 

7.1  2.1  4.3  2.9 

12.9  7.4  14.3 

P-6 

N = 0 

P-7 

N = 1 

15.7 

P-8 

N = 12 

2.7  1.7  3.4  6.8 

AVERAGE  = 6.1 

12.6  4.1  4.8  8.2 

MAXIMUM  =13.6 

13.6  4.8  4.1  6.8 
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TABLE  6 - CONTINUED 

RUN  26  - FOLLOWING  SEAS,  7.0  KNOTS,  LOW-SEA  STATE  5 


TABLE  6 - CONTINUED 


CxJ 


TABLE  6 - CONTINUED 
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RUN  20  - HEAD  SEAS,  11.5  KNOTS,  LOW  SEA  STATE  5 


P-5 
N = 3 

AVERAGE  3 6.7 
MAXIMUM  =9.3 

P-6 
N = 0 

-7 
= 2 

VERAGE  =7.9 
AXIMUM  = 8.6 


1 3.4 

3.4 

1.7 

2.4  11.5 

3.6 
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TABLE  8 - COMPARISON  BETWEEN  THE  ORTOLAN  AND  THE  BOLSTER  FOR 
SINGLE  AMPLITUDE  SIGNIFICANT  ROLL  AND  PITCH 


Relative 

Heading 

Ship  Speed 
ORTOLAN  BOLSTER 

Wave  Height 
ORTOLAN  BOLSTER 

Pitch 

ORTOLAN 

BOLSTER 

Roll 

ORTOLAN  BOLSTER 

Head 

2.6 

2.9 

3.8 

4.5 

0.46 

1.57 

0.75 

1.76 

Bow 

1.0 

2.9 

5.1 

4.9 

0.68 

1.55 

0.90 

3.06 

Beam 

3,9 

2.9 

4.3 

4.9 

0.68 

1.25 

0.65 

3.76 

Quartering 

3.0 

2.9 

3.8 

4.5 

0.52 

1.16 

1.21 

3.83 

Following 

7.0 

2.9 

6.8 

5.8 

1.75 

1.21 

2.19 

1 .85 

TABLE  9 - COMPARISON  BETWEEN  THE  ORTOLAN,  GILLISS  AND  THE  O.W.S. 
WEATHER  REPORTER  FOR  SINGLE  AMPLITUDE  SIGNIFICANT 
PITCH  AND  ROLL  ANGLES  IN  HIGH  STATE  5 SEAS 


Relative 

Ship  Speed 

PI  tch 

Roll 

Headi ng 

ORTOLAN  GILLISS 

WEATHER 

REPORTER 

ORTOLAN 

GILLISS 

WEATHER 

REPORTER 

ORTOLAN  GILLISS 

WEATHER 

REPORTER 

Head 

5.3 

8 

9.1 

4.5 

6.2 

4.3 

2.9 

3.1 

5.3 

Bow 

6.9 

8 

9.8 

3.7 

4.9 

3.7 

5.2 

5.9 

7.5 

Beam 

5.0 

8 

10.7 

1 .9 

2.4 

0.7 

7.1 

6.7 

1 1.0 
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TABLE  10  - PARTICULARS  OF  SHIPS  USED  IN  MAKING  ANALYTICAL  COMPARISONS 


Par  1 1 cular 

HAYES 

ORTOLAN 

(D) 

ORTOLAN 

(M) 

MEI.VTLI.E 

CONRAD 

SHIP  ’ 

Type  of  Ship 

Catamaran 

Monohull 

Length  in  Feet 

220.0 

240.2 

230.0 

220.7 

197.0 

220.0 

Beam  (Single  Hull) 
in  Feet 

24.0 

26.0 

26.0 

46.0 

37.0 

54.0 

Beam  (Overall) 
in  Feet 

75.0 

86.0 

86.0 

46.0 

37.0 

54.0 

Draft  (Station  10) 
in  Feet 

18.9 

22.4 

19.0 

15.4 

14.6 

21.2 

Displacement 
in  Long  Tons 

3124 

44.3 

3540 

2074 

1313 

3124 

Hull  Separate  n 
In  Feet 

27.0 

34.0 

34.0 

— 

— 

— 

CC  Aft  of  FP 
in  Feet 

111  .2 

122.7 

113  9 

111.1 

102.1 

114.0 

Longitudinal  Radius 
of  Gyration 

0 . 251. 

0.251 

0.251. 

0.24L 

0. 74L 

0.24L 

Block  Coefficient 

0.54 

0.60 

0.57 

0.46 

0 . 4m 

0.4m 

Beaiti/Draf  t 

1.27 

1 .16 

1.37 

3.00 

2.54 

2.54 

l.ength/'Beam 

9.17 

9.24 

8.35 

4.80 

5.32 

4.07 

Length/ Beam 
(Overall) 

2.93 

2.79 

2.67 

4.80 
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WA 


WAVE  ENCOUNTER  FREQUENCY,  u>E  , RAD/SEC 


Figure  1 Correction  Coefficient  Applied  to  Power  Spectre 
Obtained  from  the  TUCKER  Sea  State  Meter 
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Figure  2 - Sketch  of  ORTOLAN  Showing  Pressure  Gauge 
LOc»tio‘is  2-id  Proposed  Modifications 


Figure  3 ■ Comparison  Between  the  Wave  Spectra  Obtained 
from  the  T ucfe.fr  Sea  State  Meter  end  the  Wave 
Buoy  for  Run  13 


RUN  20 


Comparison  Between  the  Wave  Spectra  Obtained 
from  the  T ucker  Sea  State  Meter  and  the 
Wave  Buoy  for  Hun  ill 


Q 

< 

cr 

u 

Ui 

00 

(N 

a 

uj 

D 


< 

cc 


CL 

oo 

> 

o 

cr 

•u 

£ 


Spectra  Corresponding  to  Runs  19,  22,  and  30 


PITCH  ENERGY  SPECTRA.  S„(u;).  DEG2  SEC/RAD 


0.4  0 6 0.8  1.0  1.2 

PITCH  FREQUENCY, u>£,  RAD/SEC 


Figure  9 - Spectral  Energy  for  Pitch  in  Heed  Seat, 
State  3 Sea,  at  2.6,  7.2,  and  1 1.8  Knott 


PITCH  ENERGY  SPECTRA.  Sfl{  j).  DEG2  SEC/RAD 
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Figure  10  Spectral  Energy  lor  Pitch  in  Head  Seat,  lor 
State  5 Sea,  at  6.3,  0.3,  11.5  Knott 
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Figure  14  Companion  Between  ASR  end  AGOR-16  RJSS  HAVES)  for 
W*¥e  Haight  and  Pitch  Spectra  in  Head  Seas 
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Figure  15  - Comparison  of  Pitch  Angles  versus  Ship 
Speed  in  State  5 and  6 Head  Seas 


SINGLE  AMPLITUDE  SIGNIFICANT  RE  LAI 


0 


7 


0 


7 


1A 


SHIP  S-'EED,  U,  KNOTS 

Figure  16  ■ Companion  of  Relative  Motion  ?t  Station  2'h 
versus  Ship  Speed  in  State  5 and  6 Mead  Seas 
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< NONDIME  NSIONAL 


WAVE  LENGTH, 'SHIP  LENGTH  RATIO,  ML.  NON  DIMENSIONAL 


f njurp  17  hiorsfhnipnstonal  Rplativp  Motion  at  Station  2V.- 
vrr  .us  Wanpl»noth  to  Ship  Lpnqth  Ratio  lor  a 
Ship  Spppil  of  10  Knots  in  Hrsrl  Spas 
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Figure  18  Pressure  Gage  Locations  on  Dcttom  of  Forward  Cron 
Structure;  HAVES. 


